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1 

METHODS FOR TREATING TUMOR NECROSIS 
FACTOR MEDIATED DISEASES 



BACKGROUND OF THE INVENTION 

The present invention relates generally to 
methods for preventing and treating diseases and, more 
particularly, to a method for preventing and treating 
Tumor Necrosis Factor Mediated diseases. 
5 Tumor Necrosis Factors (TNFs) are a class of 

cytokines produced by numerous cell-types, including 
monocytes and macrophages . At least two TNFs have been 
previously described, specifically TNF alpha and TNF 
beta (lymphotoxin) . 

10 These known TNFs have important physiological 

effects on a number of different target cells involved 
in the inflammatory response. The proteins cause both 
fibroblasts and synovial cells to secrete latent 
collagenase and prostaglandin E2, and cause osteocyte 

15 cells to stimulate bone resorption. These proteins 

increase the surface adhesive properties of endothelial 
cells for neutrophils. They also cause endothelial 
cells to secrete coagulant activity and reduce their 
ability to lyse clots. In addition they redirect the 

20 activity of adipocytes away from the storage of lipids 

by inhibiting expression of the enzyme lipoprotein 
lipase.. 

TNFs cause hepatocytes to synthesize a class of 
proteins known as "acute phase reactants" and they act 

25 on the hypothalamus as pyrogens. Through these 

activities, it has been seen that TNFs play an 
important part in an organism's response to a variety 
of indications such as infection and injury. See , 
e^., articles by P.J. Selbv et al . , Lancet, February 

30 27, 1988, pg. 483; H. F. Starnes, Jr. et al . . J. Clin 

Invest . , vol. 82, pg. 1321 (1988); A. Oliff et al . 
Cell , vol. 50, pg, 555 (1987); and A. Waage et_al. , 
Lancet . February 14, 1987, pg. 355. 

A disease is considered to be a "TNF mediated 

35 disease" if the spontaneous or experimental disease is 
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associated with elevated levels of TNF in bodily fluids 
or in tissues adjacent the focus of the disease or 
indication within the body. In many cases, such TNF 
mediated diseases are also recognized by the following 
5 additional two conditions: (1) pathologic findings 

associated with the disease can be mimicked 
experimentally in animals by the administration of TNF; 
and (2) the pathology induced in experimental animal 
models of the disease can be inhibited or abolished by 
10 treatment with agents which inhibit the action of TNF . 

In most "TNF mediated diseases" at least two of the 
three conditions are met, and in many "TNF mediated 
diseases" all three conditions are met. 

A list of diseases which satisfy these criteria 
15 . includes, but is not limited to, the following; 

1) adult respiratory distress syndrome 
2} pulmonary fibrosis 

3) arthritis 

4) inflammatory bowel disease 
20 5) septic shock 

Evidence for the TNF-mediation of these five 
diseases will be presented. Animal models of septic 
shock, arthritis and adult respiratory distress 
syndrome are well known, and are used herein to 

25 demonstrate the ability of TNF inhibitors to treat TNF- 

mediated disease. 

Adult respiratory distress syndrome (ARDS) is 
characterized by the rapid onset of dyspnea, tachypnea, 
cyanosis, severe hypoxemia, decreased lung compliance, 

30 and increased pulmonary vascular permeability. 

Mortality in ARDS is in excess of 50%. Risk factors 
associated with the development of ARDS include trauma, 
massive blood transfusion, disseminated intravascular 
coagulation, oxygen toxicity, inhalation of toxins and 

35 irritants/ and systemic reaction to sepsis, hemorrhagic 

pancreatitis, burns, and complications of abdominal 
surgery. A variety of mediators such as 



WO 92/13095 



PCI7US92/00432 



prostaglandins, leukotrienes , cogent and free 
oxygen radicals have been implicat d in the causation 
of the syndrom; however, various treatments designed 
1 inhibit the actions of specific mediator, hav not 
proved the clinical course of ARDs. Results of 
animal expectation support the hypothesis that TNF 
is a mediator of ARDS as follows: 

! The infusion of TNF to rats mimics ARDS. 
After infusion with TNF , pulmonary compliance is 
r duced, pulmonary water content and cellularity are 
increased! punctate hemorrhages may be visible grossly 
and histologic evidence of neutrophil thrombi and 
diffuse alveolar, damage are present. ^' E ^"" 

• i - »1 Arch Sura., vol. 124, pp. 1400-1405 

Baliviera et_al. , ftrcn. &urq . , 470- 
.J1989), K.J. *racey lUlw vol. 234, pp. 470 

474 (1986) . , 

2 Pretreating rats with anti-TNF antiserum 
inhibited the induction of an animal model of ARDS. 
ARDS was induced by hepatic ischemia followed by ■ 
. f fho lfTer E i e vated circulating levels 

0 reperfusion of the liver, cievaueu 

of TNF after the reperfusion were presumed to arise 
from the large mass of fixed hepatic macrophages 
Pulmonary capillary leakage was reduced ^^J** 
compared to values in rats given serum without TNF 
blocking properties. See, L.M. Colletti et^l . , 

• . T^lastatiSQ, vol. 49, pp. 268-272 (1990). 

^ 3 In two clinical studies, TNF concentrations 
were measured in broncho-pulmonary secretions of 
: . patients with ARDS. In the first study of five ARDS 
patients, TNF concentrations exceeded ^^J 0 
TNF was detected in control samples. In the second 
study, significant TNF levels were measured in 
oronchoalveolar lavage fluid of 3 out of 4 patients 

' with ARDS but were below the limit of detection in 
■controls. SM, A.B., Millar <|t_al. , HUS*. vol. 2, PP 
712-714 (1989) ; D. J. Roberts et^l. , Lancet, vol. 2, 
pp. 1043-1044 (1989). 
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Pulmonary fibrosis occurs during the end stage 
of various pulmonary diseases. The fibrosis results 
from the growth of fibroblasts and an increase of 
collagen deposition within the alveolar walls. TNF 
5 apparently plays a key role in the development of 

pulmonary fibrosis. TNF is a growth factor of normal 
diploid fibroblasts at picomolar concentrations. See, 
B.J. Sugarman et^al. , Science , vol. 230, pp. 943-945 

(1985) . Results of animal experimentation involving 
10 pulmonary injury induced by bleomycin, a 

chemotherapeutic agent for cancer, provide evidence 
supporting that proposal. The TNF-mediation of 
pulmonary fibrosis is supported by the following: 

1. The intravenous infusion of TNF induces 
15 diffuse alveolar damage, notably with necrosis of 

alveolar epithelial and endothelial cells and marked 
thickening of the alveolar membranes. The subcutaneous 
infusion of TNF to rats leads to a marked increase of 
fibroblast proliferation and collagen deposition. See, 
20 K.J. Tracey et al . ; Science vol. 234, pp. 470-474 

(1986) ; P.F. Piguet et al . , int. Arch - Ailercr. ApqI. 
Immunol . , vol. 83, p. 18 (1986). 

2 . The administration of rabbit anti-TNF 
antibody to mice prevented bleomycin-induced alveolar 

25 damage, growth of fibroblasts, and collagen deposition. 

See , Pierre F. Piguet et al .. J. Exp. Med., vol. 170, 
PP- 

655-663 (1989) . 

3. A common sequela of patients surviving ARDS 
30 is pulmonary fibrosis. During the acute phase of ARDs, 

TNF is present in significant amounts in the 
bronchoalveolar fluid. 

Arthritis is a term used to describe a variety 
of indications that are characterized by chronic 
35 inflammation in the joints. Included within the 

definition of the term, arthritis are the following: 
rheumatoid arthritis, osteo arthritis, ankyloring 
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spondylitis, lupus erythematosus , gonococcal arthritis, 
Reiter's disease arthritis and gout. Evidence is 
presented below for the mediating role of TNF in 
rheumatoid arthritis. 
5 Rheumatoid arthritis is a chronic autoimmune 

disease causing destruction of articular cartilage in 
the joints. The synovial lining is chronically 
inflamed and undergoes progressive fibrotic growth. In 
vitro r TNF activates both the endothelium and 

10 leukocytes to promote leukocyte adhesion and stimulates 

resorption and inhibits synthesis of proteoglycans in 
cartilage. See . J.R. Gamble et al . , Proc. Natl. Acad. 
Sci. USA . . vol. 82, pp. 8667-8673 (1985); J. 
Saklatvala, Nature , Vol. 322, pp. 547-552 (1986) . 

15 These in vitro activities strongly suggest that TNF may 

be a mediator of joint pathology in rheumatoid 
arthritis. The TNF-mediation of rheumatoid arthritis 
is supported by the following: 

1. The intra-articular injection of TNF into 

20 the joint of a rabbit causes infiltration of leukocytes 

into the joint but no proteoglycan loss from cartilage. 
Injection of submaximal doses of TNF arid interleukin-1 
(IL-1) into the joint caused a synergistic accumulation 
of neutrophils. See , B. Henderson et al . . Clin. Exp. 

25 Immunol . . vol. 75, pp. 306-310 (1989). In contrast, in 

another series of experiments using rabbits, a single 
intra-articular injection of TNFa caused both cellular 
infiltration and cartilage proteoglycan loss. Levels 
of substance P, an inflammation neuropeptide, were 

30 increased in the synovial fluid. See . A.S. Rubin et 

al./ Arthritis and Rheumatism , vol. 33, pp. 1023-1028 
(1990) . 

2 . The effect of TNF antibodies on synovial 
cell IL-1 production has been determined in rheumatoid 

35 arthritis patients. Cultures of mononuclear cells 

extracted from the synovium or synovial fluid of 
rheumatoid j oints produce cytokines for up to 6 days 



WO 92/13095 



PCT/US92/00432 



without extrinsic stimulation. In patients with 
rheumatoid arthritis, synovial cell IL-1 production in 
culture was significantly reduced by anti-TNF antibody. 
These results suggest that TNF plays a pivotal role in 
5 the induction of IL-1 in rheumatoid joints. See, F.M. 

Brennan et al .. Lancet , vol. 2 (8657), pp. 244-247 
(1989) . 

3 . TNF is present at detectable levels in 
rheumatoid synovial fluids. See, F.S. Di Giovine et 
10 al. , Ann. Rheum. Pis . . vol. 47, pp. 768-776 (1988)., 

Idiopathic inflammatory bowel disease (IBD) 
includes two syndromes; ulcerative colitis and Crohn's 
disease. Crohn's disease is characterized by a 
granulomatous inflammatory reaction involving the full- 

15 thickness of the wall of the terminal ileum or colon, 

whereas ulcerative colitis is a nonspecific 
inflammatory response limited to the mucosa and 
submucosa of the colon. Although there aire differences 
in the pathology of the two syndromes and the etiology 

20 ' of both remains obscure, there is a belief that the two 

diseases represent variable tissue or immunologic 
responses to a common etiologic agent. A variety of 
immunologic disorders have been identified in patients 
with IBD. One hypothesis is that the immune system of 

25 patients is reacting abnormally or inappropriately to 

antigens, such as bacterial products, to which everyone 
is commonly exposed. Synthesis of high levels of TNF 
in the gut may contribute to inflammatory cellular 
infiltration in IBD. The TNF -mediation of IBD is 

30 supported by the following: 

1) In two studies with rats, necrosis of the, 
gastrointestinal tract was induced by intravenous bolus 
administration of TNF. The effects of TNF seemed to be 
dose related. Doses exceeding 0.6 mg/kg induced gross 

35 and microscopic necrosis of the small bowel. The bowel 

exhibited segmental ischemia with regions of frank 
hemorrhage or necrosis. The cecum appeared 
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particularly sensitive to TNF- Histological sections 
of non-necrotic intestinal tract also showed 
inflammatory changes with invasions of the submucosa 
and muscularis mucosa by polymorphonuclear' leukocytes. 
5 The epithelium was denuded in a focal distribution 

throughout the bowel. See, X.M. Sun et al . . J. Clin. 
Invest . . vol. 81, pp. 1328-1331 (1988); and K.J. 
Tracey, et al . Science , vol. 234, pp. 
470-474 (1986) . 

10 2) In the Tracey study, infusion of 4mg of a. 

neutralizing mouse monoclonal antibody directed against 
human TNF to rats one hour before infusion of TNF not 
only fully protected the animals from lethal doses of 
the TNF, but also prevented the development of the 

15 lesions typically induced by TNF. 

3) Isolates from biopsies of children with 
Crohn's disease showed elevated frequencies of TNFa 
secreting cells in all individuals assayed with a spot 
ELISA technique. Isolates from normal children did not 

20 show this increase. In ulcerative colitis, four out of 

eight children had increased production of TNFa. These 
results suggest that TNFa is an important mediator of 
inflammation in the human gut. See . T.T. MacDonald, et 
al. Clin. Exp. Immunol ., (ENGLAND) vol. 81, pp. 301-305 

25 (1990) . 

Septic shock is a condition associated with 
massive bacterial invasions. It is commonly believed 
that shock due to Gram negative infections is brought 
on, at least in part, by the presence of bacterial 

30 endotoxins ( lipopoly saccharides ) . Septic shock is a 

relatively common cause of mortality in the hospital 
setting. At present there are few treatment options 
for patients suffering from septic shock, and the 
treatments available are generally supportive in 

35 nature. 

Septic shock is characterized by various 
symptoms including a drop in mean arterial blood 
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pressure (MAP), a decrease in cardiac output, 
tachycardia, tachypnea, lacticacidemia and leukopenia.' 
Various cytokines, including TNF^ have been implicated 
in the mediation of septic shock, although the specific 
5 etiology of the disease is not fully understood. 

There are several lines of evidence which 
suggest that TNFs may play a role in the mediation of 
septic shock: 

1." The administration of TNF to animals has 
10 ■ been shown to induce a shock-like state. See , 

Everhaerdt 

et_al., Biochem. Biophvs. Res. Commun . , vol. 163, pg. 
378 (1989). It has been shown that the administration 
of lipopolysaccharides to mice mimics the symptoms of 

15 septic shock in the animals. Animals so treated have 

been found to have increased levels of circulating TNF 
alpha. See, Parillo et al . , Ann . Intern . Med . , vol. 9, 
pp. 28-31 (1988); and Carswell et al . . Proc. Natl. 
Acad. Sci. , USA , vol. 72, pp. 3666-3670 (1975). 

20 2. The administration of antibodies against 

TNF alpha has been shown to reduce the lethal effects 
of high doses of endotoxin in mice and monkeys. See, 
Tracey 

et al . , Nature , vol. 330, pp. 662-664 (1987); Buetler 
25 et al . , Science , vol. 229, pp. 869-871 (1985). 

3. An additional study was conducted wherein 
the blood serum of children suffering from gram 
negative septicemia was analyzed for TNF alpha 
concentration. This study showed that elevated levels 
30 of TNF alpha were found in 91% of the patients 

examined. In addition, TNF alpha serum levels were 
significantly higher in patients who died than in the 
survivors. Firardin et al . , New Engl and J. of Med. , 
vol. 319, pp. 397-400 (1988). 
35 The inventors hereof were led to propose that 

substances which interfere with the activity of TNFs 
could be effective compounds for the treatment of TNF- 
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mediated diseases, as defined, above. 

The inventors of the pr sent invention 
identified a class of compounds, referred to herein as 
TNF. inhibitors, that prevent and treat TNF mediated 
5 diseases. In currently pending U.S. Patent 

application Serial No. 555,274, filed July 19, 1990, 
specifically incorporated herein by this reference, a 
preferred class of naturally occurring proteinaceous 
TNF inhibitors and a method for manufacturing a 

10 substantial quantity of the same with a high degree of 

purity are described. In particular, the 
aforementioned application describes in detail two 
subsets of TNF inhibitors referred to as 3 0kDa TNF • 
inhibitor and 40kDa TNF inhibitor. In addition to the 

15 full-length 40kDa TNF inhibitor protein, two truncated, 

yet biologically-active forms of the 40kDa TNF 
inhibitor have also been produced. The full-length 
40kDa TNF inhibitor is the TNF inhibitor having a 
molecular weight of about 40kDa on SDS-PAGE that may be 

20 isolated from medium conditioned by human U937 cells or 

from human urine. Full-length 40kDa TNF inhibitor may 
be glycosylated as is the naturally-occurring protein ; 
or nonglycoslylated as is the protein recombinantly 
expressed from a bacterial expression system. The 

25 truncated proteins, in which 51 and 53 carboxyl termini 

amino acids have been removed from the full-length 
protein, are referred to respectively as 40kDa TNF 
inhibitor A 51 and 40kDa TNF inhibitor A 53. 

30kDa TNF inhibitor has been shown to exhibit 

30 inhibition activity against TNF alpha. The 40kDa TNF 

inhibitors, including full-length 40kDa TNF inhibitor, 
40kDa TNF inhibitor Asi and 40kDa TNF inhibitor A53, 
have been shown to exhibit inhibition activity against 
both TNF alpha and TNF beta. 

35 Currently pending U.S. Patent Application 

Serial No. 07/669,862, filed March 15, 1991, 
specifically incorporated herein by this reference, 
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describes a number, of modified TNF inhibitor species . 
Muteins of TNF inhibitors are prepared where selected 
amino acid residue (s) are replaced with cysteine 
residues* Such muteins may then be site-selectively 
5 reacted with functional ized polyethylene glycol (PEG) 

units to create TNF inhibitor PEG species . In 
particular, a 30kDa TNF. inhibitor mutein referred to as 
C105 is described, wherein the asparagine at position 
105 of 30kDa TNF. inhibitor is replaced with cysteine. 
10 In one further embodiment, the mutein proteins may be 

reacted with bifunctionalized PEG units to form 
bivalent "dumbbell" species wherein two TNF inhibitor 
muteins are attached via a single PEG chain. 

15 SUMMARY OF THE INVENTION 

The present invention discloses methods for the 
prevention and treatment of TNF mediated diseases by 
administering to patients in need thereof a therapeutic 
agent- In particular, the invention provides a method 

20 for the treatment of TNF mediated septic shock by 

administering to patients in need thereof a therapeutic 
agent. Also included are methods for the treatment of 
TNF mediated arthritis and TNF mediated adult 
respiratory distress syndrome by administering to 

25 patients in need thereof a therapeutic agent. 

In accordance with the present invention, 
methods are disclosed for treating and preventing TNF 
mediated diseases, in particular TNF mediated septic 
shock, TNF mediated arthritis and TNF mediated adult 

30 respiratory distress syndrome with therapeutically 

effective amounts of TNF inhibitors. 

Preferred TNF inhibitors of the present 
invention are naturally-occurring proteins and 
truncated forms of naturally-occurring proteins. The 

35 naturally occurring proteins are preferred because they 

pose a relatively low risk of producing unforseen side 
effects in patients treated therewith. In some 
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embodiments of this invention, muteins of protein TNF 
inhibitors where only a small number of amino acid 
residues differ from the natural protein sequence are 
also preferred TNF inhibitors. 
5 A preferred class of TNF inhibitors are human 

TNF binding proteins. The preferred TNF inhibitors 
appear to be soluble fragments of TNF receptor 
proteins. Those TNF inhibitors which are preferred in 
the practice of the present invention are selected from 
10 the group consisting of 30kDa TNF inhibitor and, 40kDa 

TNF inhibitor, and said 40kDa TNF inhibitor is further 
selected from the group consisting of full-length 4 0kDa 
TNF inhibitor, 40kDa TNF inhibitor A 51 and 4 0kDa TNF 
Inhibitor 4 53. Also preferred are proteins which have 
15 been modified, for example, by the addition of 

polyethylene glycol (PEG) or any other repeat polymer 
to increase their circulating half-life and/or to 
decrease immunogeriicity. TNF inhibitors that act as 
receptor antagonists to TNF are also included within 
20 the scope of this invention. 

While the production of TNF inhibitors may be 
achieved by extraction from naturally available 
sources, such as by isolation from human urine, a 
preferred method of TNF inhibitor production is by 
25 recombinant DNA technology. Recombinant DNA technology 

is preferred in part because it is capable of producing 
comparatively higher amounts of TNF inhibitors at 
greater purities. 

Additional preferred TNF inhibitors include 
30 muteins of 30kDa TNF inhibitor, wherein selected amino 

acids of 3 0kDa TNF inhibitor are replaced with 
cysteine. Such muteins may be used as TNF inhibitors, 
or they may be reacted with polyethylene glycol (PEG) 
to form TNF inhibitor PEG compounds, containing one or 
35 two TNF inhibitors per molecule. In the most preferred 

embodiment, the TNF inhibitor is a bivalent species 
formed in a reaction between a mutein 3 0kDa TNF 
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inhibitor and a bifunctionalized PEG precurser. The 
preferred mutein is C105 30kDa TNF inhibitor, where 
residue 105 of 30kDa TNF inhibitor is replaced with a 
cysteine residue. 
5 it is to be understood that both the foregoing 

general description and the following detailed 
description are exemplary and explanatory only and are 
not restrictive of the invention as claimed. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts the mortality rates as a 
function of dose of human recombinant interleukin-1 
beta (hrlL-lB) administered with a constant dose of 300 
ug/kg of human recombinant Tumor Necrosis Factor alpha 

15 (hrTNFa) . Groups of six mice were dosed with differing 

amounts of hrlL-lB. Mortality was assessed at 72 hours 
after subcutaneous injection of the cytokine mixture. 
Values given are means + standard error of the mean 
(S.E.M. ) for three experiments. 

20 FIG. 2 depicts the surface temperature as a 

function of time post administration of 300 ug/kg of 
hrTNFa and 2,500 ug/kg of hrlL-lB injected 
subcutaneously at time zero. 

FIG. 3 depicts the surface temperature as a 

25 function of time as in Figure 2, wherein - • - • - 

represents mice given two intraperitoneal injections of 
40kDa TNF inhibitor A 5 3 at 30 minutes before and 30 
minutes after subcutaneous administration of the 
cytokine mixture. Total 40kDa TNF inhibitor ^53 

30 administered was 200 mg/kg. * denotes statistically 

significant differences between TNF inhibitor treated 
and untreated cytokine-injected mice as assessed by the 
unpaired t-test (p<0.05). 

FIG. 4 depicts the mortality as a function of 

35 time in the experiment depicted in FIG. 3. 

FIG. 5 depicts the surface temperature as a 
function of time as in FIG. 2, wherein — IS- SI 



WO 92/13095 



PCT/US92/00432 



13 

represents mice given six intraperitoneal injections of 
40kDa TNF inhibitor £53 at 30 minutes before, and 30 
minutes, 3 hours, 6 hours, 9 hours and 12 hours after 
administration of the cytokine mixture. Total 4 OkDa 
5 TNF inhibitor ^53 administered was 600 mg/kg. * 

denotes statistically significant differences between 
TNF inhibitor treated and PBS injected-mice as assessed 
by the unpaired t-test (p<.001). 

FIG. 6 depicts the mortality as a function of 
10 time in the experiment depicted in FIG. 5. 

FIG. 7 depicts the surface temperature as a 
function of time as in FIG. 2, wherein -•-•» represents 
mice given ten intraperitoneal injections of 40kDa TNF 
inhibitor 453 at 30 minutes before, and 3 0 minutes, 3 
15 hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours 

and 24 hours after subcutaneous administration of the 
cytokine mixture. Total 4 OkDa TNF inhibitor ZS53 
administered was 1,000 mg/kg. 

FIG. 8 depicts the mortality as a function of 
20 time of the experiment depicted in FIG. 7. 

FIG. 9 depicts the body weights as a function 
of time in the experiment depicted in FIG. 7. 

FIG. 10 depicts surface temperature as a 
function of time as described in FIG. 2, wherein: -0 
25 - represents a mouse given 6 intraperitoneal injections 

of 3 OkDa TNF inhibitor at 30 minutes before and 30 
minutes, 3 hours, 6 hours, 9 hours and 12 hours after 
subcutaneous administration of the cytokine mixture (a 
total of 240 mg/kg); — & -A — represents mice given 10 
30 intraperitoneal injections of 3 OkDa TNF inhibitor at 30 

minutes before and 30 minutes, 3 hours, 6 hours, 9 
hours, 12 hours, 15 hours, 18 hours, 21 hours and 24 
hours after subcutaneous administration of the cytokine 
mixture (a total of 400 mg/kg) ; and — o — o — represent 
35 mice given 15 intraperitoneal injections of 3 OkDa TNF 

inhibitor at 3 0 minutes before, and 30 minutes, 3 
hours, 6 hours, 9 hours, 12 hours, 15 hours, 18 hours, 
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21 hours, 24 hours, 27 hours, 30 hours, 33 hours , 36 . _ 
.ours and 39 hours after subcutaneous adminxstratxon of 
the cytokine mixture (a total of 600 mg/Kg) . ■ 

FIG. 11 depicts the mortality as a functxon of 
time in the experiment depicted in FIG. 

FIG. 12 depicts the body weights as a functxon 
of time in the experiment depicted in FIG. 10. _ 

FIG. 13 depicts the increase in joint dxameter 

as a function of time post reactivation with _ 
Streptococcal Cell Wali (SCW, on day 21, accprdxng to 

Method 1 in Example 3 below. _ 

FIG 14 depicts the maximum change in :joxnt 
, diameter du'ring the 72 hour interval after reactivatxon 
with SGW in the experiment depicted xn Fxg. 13. 
15 . denotes statistically significant 

with the PEG 3400 control group by the unpaxred t test, 

t = 4.36, p < o.ooi. ; . 

FIG is depicts the maximum change xn Doxnt 

diameter du'ring the 72 hour interval after reactivation 
20 with SCW according to Method 2 in Example 3 below 

FIG. 16 depicts the percentage inhibxtxon of 
• endotoxin-stimulated neutrophilic influx into . 
br onchoalveolar spaces of 30)cDa TNF inhibxtor - treated 
rats as described in Example 4 below. 

FIG. 17 depicts the effects of intratracheal 
instillation of five doses of 30*Da TNF inhibition on 
• the number of neutrophils migrating into the alveolar 

sp aces in response to ™^ ^^2^ 
experiment depicted in Fxg. IS. denotes s 
30 significant differences from the untreated control rats 

as assessed by the unpaired t test, p < 0.01. 

Ref erenC e will now be made, in detaxl to the 
presently preferred embodiments of the invention^ 
which, together with the following examples, serve to 
explain the principles of the invention. 
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As noted above, the present invention relates 
to methods for preventing and treating TNF mediated 
diseases in patients suffering therefrom/ This method 
comprises the administration of a therapeutically 
5 effective amount of a TNF inhibitor to a patient 

suffering from a TNF mediated disease. While the 
primary goal of this invention is to provide methods 
for preventing and treating human diseases, the 
disclosure provided herein gives instruction of general 
10 physiological use, and veterinary uses are therefor 

also included within the scope of this invention. 

A disease or medical indication is to be 
considered to be a TNF-mediated disease if the 
spontaneous or experimental disease is associated with 
15 elevated levels of TNF in bodily fluids or in tissues 

adjacent the focus of the disease or indication within 
the body. TNF mediated diseases may also be recognized 
by the following two conditions: 1) pathologic findings 
associated with a disease can be mimicked 
20 experimentally in animals by the administration of TNF; 

and 2) the pathology induced in experimental animal 
models of the disease can be inhibited or abolished by 
treatment with agents which inhibit the action of TNF. 
Many TNF-mediated diseases satisfy two of these three 
15 conditions and others will satisfy all three 

conditions. A non-exclusive list of TNF-mediated 
diseases includes adult respiratory distress syndrome, 
pulmonary fibrosis, arthritis, inflammatory bowel 
disease and septic shock. 
0 In one embodiment, preferred TNF inhibitors of 

the present invention are naturally occurring proteins 
that serve as TNF binding proteins. The naturally- 
occurring proteins are preferred in part because they 
pose a comparatively low risk of producing unforeseen 
5 and undesirable physiological side effects in patients 

treated therewith. 

For purposes of the specification and claims, a 
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protein is deemed to be "naturally-occurring" if it or 
a substantially equivalent protein can be found to 
exist normally in healthy humans. "Naturally- 
occurring" proteins specifically includes forms of 
5 proteins found to exist in healthy humans that are 

partially truncated at the carboxyl terminus of such 
proteins, as well as nonglycoslylated forms of proteins 
that exist in glycosylated forms in healthy humans. 
"Naturally-occurring" proteins may be obtained by 
10 recombinant DNA methods as well as by isolation from 

cells which ordinarily produce them. "Naturally- 
occurring" also encompasses proteins that contain an N- 
terminal methionyl group as a consequence of expression 
in E. Coli * 

15 "substantially equivalent" as used throughout 

the specification and claims is defined to mean 
possessing a very high degree of amino acid residue 
homology ( See generally M. Dayhoff, Atlas of Protein 
sequence and Structure , vol. 5, p. 124 (1972), National 

20 Biochemical Research Foundation, Washington, D.C., 

specifically incorporated herein by reference) as well 
as possessing comparable biological activity. 

Among the preferred TNF inhibitors of the 
present invention are the naturally-occurring proteins 

25 that exist in vivo as binding proteins of TNF that have 

previously been described in a currently pending United 
States patent application. This application is U.S. 
Patent Application Serial No. 07/555,274 filed July 19, 
1990, of Brewer et al . , which is entitled "Tumor 

30 Necrosis Factor (TNF) Inhibitor and Method for 

Obtaining the Same." This U.S. patent application is 
specifically incorporated herein by reference. 

There are two distinct forms of preferred TNF 
inhibitors, each disclosed and described in the 

35 aforementioned Brewer et al - application. The first of 

these is 3 0kDa TNF inhibitor, which has been identified 
in and isolated from at least a medium conditioned by 
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human U937 cells and from human urine. 30kDa TNF 
inhibitor is approximately 30kDa on SDS-PAGE, and 
elutes from a DEAE CL6B column at about 80 millimolar 
NaCl in Tris buffer, pH 7.5, The 30kDa TNF inhibitor 
5 has been shown to inhibit the activity of TNF alpha and 

has little effect on the activity of TNF beta. The 
naturally occurring protein is glycosylated, 
Nonglycosylated 30kDa TNF inhibitor also exhibits TNF 
inhibitory activity. 

10 The second form of preferred TNF inhibitors is 

40kDa TNF inhibitor, which has also been identified and 
isolated from at least a medium conditioned by human 
U937 cells and human urine. 40kDa TNF inhibitor is 
approximately 40kDa on SDS-PAGE, and elutes from a DEAE 

15 column at about 100 millimolar NaCl in Tris buffer, pH 

7.5. The 40kDa TNF inhibitor has been shown to inhibit 
the activity of both TNF alpha and TNF beta. 40kDa TNF 
inhibitor is also a glycoprotein and, again, the 
nonglycosylated protein exhibits TNF inhibitory 

20 activity. 

The nucleic acid sequences of the genes . 
encoding both 30kDa TNF inhibitor and 40kDa TNF 
inhibitor and the amino acid sequences of both proteins 
are given in the Brewer et al . application. The 

25 present invention encompasses nonglycosylated forms, of 

the TNF inhibitors as well as certain truncated forms 
of the naturally-occurring proteins as described below. 
In a further embodiment, the TNF inhibitors are 
modified by attachment of one or more polyethylene 

30 glycol (PEG) or other repeating polymeric moieties. 

Three forms of the 40kDa TNF inhibitor have 
been recombinantly produced by expression in E. Coli . 
Each of these forms, referred to as full-length 40kDa 
TNF inhibitor, 4 0kDa TNF inhibitor A 51 and 40kDa TNF 

35 . inhibitor A53 (along with the glycosylated full-length 

40kDa TNF inhibitor as isolated from medium conditioned 



WO 92/13095 



PCT/US92/00432 



18 

by human U937 cells, and human urine, in glycosylated 
and nonglycosylated forms, all of which are 
collectively referred to herein as 40kDa TNF inhibitor) 
. ar e described in the Brewer et al . application. The & 
5 51 protein is a truncated version of the native protein 

wherein 51 amino acid residues at the carboxyl terminus 
of the mature protein are removed* The A 53 protein is 
a truncated version of the mature protein wherein 53 
amino acid residues at the carboxyl terminus of the 

10 native protein are removed. Naturally-occurring 40)cDa 

TNF inhibitor (glycosylated) , and the nonglycosylated 
inhibitors (native, A 51 and A53) have substantially 
the same TNF inhibitory activity. 

Methods for producing the Brewer et al. 

15 inhibitors are also disclosed in the above-mentioned 

application. One disclosed method consists of 
isolating the inhibitors from various sources, such as 
human urine and medium conditioned by human U937 cells. 
A second disclosed method involves isolating the genes 

20 responsible for coding the inhibitors, cloning the gene 

in suitable vectors and cell types, and expressing the 
gene to produce the inhibitors. The latter method, 
which is exemplary of recombinant DNA methods in 
general, is a preferred method of the present 

25 invention. Recombinant DNA methods are preferred in 

part because they are capable of achieving 
comparatively higher amounts at greater purities. 

Also included within the scope of this 
invention are TNF inhibitor muteins and muteins that 

30 have been modified as described in U.S. patent 

application Serial No. 07/669,862, filed March 15, 1991 
and specifically incorporated herein by reference. One 
preferred mutein is 30kDa TNF inhibitor wherein 
position 105 is a cysteine. A preferred pegylated TNF 

35 inhibitor is a "dumbbell" species wherein two CI 05 

3 0kDa TNF inhibitors are attached to a polyethylene 
glycol (PEG) moiety. In a most preferred embodiment, 
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the PEG chain has a molecular weight of 20,000. The 
preparation of the dumbbell compound is described in 
Example 5 below. 

Preferably, the above described TNF inhibitors 
5 are produced by the aforementioned method in 

"substantially pure" form. By "substantially pure" it 
is meant that the inhibitor, in an unmodified form, has 
a comparatively high specific activity. It is to be 
recognized, however, that derivatives of TNF inhibitors 

10 may have different specific activities. In a preferred 

embodiment of the present invention, a therapeutic 
composition comprising at least one of 30kDa TNF 
inhibitor or 4 OkDa TNF inhibitor is administered in an 
effective amount to patients suffering from TNF 

15 mediated diseases. 

Additional TNF inhibitors include compounds 
capable of competing with TNF for TNF receptor sites. 
Such compounds include receptor antagonists . Other TNF 
inhibitors include compounds and proteins which block 

20 in vivo synthesis or extracellular release of TNF. 

Such compounds include agents which affect 
transcription or translation of TNF genes or processing 
of TNF preproteins. 

Because it is possible that the inhibitory 

25 function of the preferred inhibitors is imparted by one 

or more discrete and separable portions, it is also 
envisioned that the method of the present invention 
could be practiced by administering a therapeutic 
composition whose active ingredient consists of that 

3 0 portion (or those portions) of an inhibitor which 

controls (or control) TNF inhibition. 

The therapeutic composition of the present 
invention is preferably administered parenterally by 
injection, although other effective administration 

35 forms, such as intraarticular injection, inhalant 

mists, orally active formulations, transdermal 
iontophoresis or suppositories, are also envisioned. 
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One preferred carrier is physiological saline solution, 
but it is contemplated that other pharmaceutically 
. acceptable carriers may also be used. In one preferred 
embodiment it is envisioned that the carrier and the 
TNF inhibitor constitute a physiologically-compatible, 
slow-release formulation. The primary solvent in such 
a carrier may be either aqueous or non-aqueous in 
nature. In addition, the carrier may contain other 
pharmacologically-acceptable excipients for modifying 
or maintaining the pH f osmoiarity, viscosity, clarity, 
color, sterility, stability, rate of dissolution, or 
odor of the formulation. Similarly, the carrier may 
contain still other pharmacologically-acceptable 
excipients for modifying or maintaining the stability, 
15 rate of dissolution, release, or absorption of the TNF 

inhibitor. Such excipients are those substances 
usually and customarily employed to formulate dosages 
for parenteral administration in either unit dose or 
multi-dose form. 
20 Once the therapeutic composition has been 

formulated, it may be stored in sterile vials as a 
solution, suspension, gel, emulsion, solid, or 
dehydrated or lyophilized powder. Such formulations 
may be stored either in a ready to use form or 
25 requiring recbnstitut ion immediately prior to 

administration. The preferred storage of such 
formulations is at temperatures at least as low as 4°C 
and preferably at -70°C. It is also preferred that 
such formulations containing TNF inhibitor are stored 
30 and administered at or near physiological pH. It is 

presently believed that administration in a formulation 
at a high pH (i.e. greater than 8) or at a low pH (i.e. 
less than 5) is undesirable. 

Preferably, the manner of administering the 
35 formulations containing TNF inhibitor for systemic - 

delivery is via subcutaneous, intramuscular, 
intravenous, intranasal or vaginal or rectal 
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suppository. Preferably the manner of administration 
of the formulations containing TNF inhibitor for local 
delivery is via intraarticular, intratracheal, or 
instillation or inhalations to the respiratory tract. 
5 In addition it may be desirable to administer the TNF 

inhibitor to specified portions of the alimentary canal 
either by oral administration of TNF inhibitor in an 
appropriate formulation or device or by suppository or 
enema. 

10 In certain embodiments, the administration is 

designed in order to create a preselected concentration 
. range of TNF inhibitor in the patient's blood stream. 
It is believed that the maintenance of circulating ; 
concentrations of TNF inhibitor of less than 0.01 ng 

15 per ml of plasma may not be an effective composition 

while the prolonged maintenance of circulating levels 
in. excess of 10 per ml may have undesirable side 
effects. 

A preferred dosage range for the treatment of 

20 TNF mediated diseases and more particularly for the 

treatment of TNF mediated septic shock is between about 
0.1-200 mg per kg of patient body weight per 24 hours 
administered in equal doses between about 4-15 times 
per 24 hours. In a more preferred embodiment, the 

25 dosage is between about 

0.1-100 mg per kg of patient body weight per 24 hours 
administered in equal doses every 3 hours. . in the most 
preferred embodiment 1-50 mg per kg of patient body 
weight per 24 hours is equally administered every 3 

30 hours. In a preferred embodiment, administration will 

continue 12 to 60 hours. In a most preferred 
embodiment administration will continue for at least 24 
hours. The frequency of dosing and the optimal dose 
will depend on pharmacokinetic parameters of the TNF 

35 . inhibitor in the formulation used. 

In an additional preferred mode for the 
treatment of TNF mediated diseases and more 
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particularly for the treatment of TNF mediated septic 
shock, an initial intravenous bolus injection of TNF is 
administered followed by a continuous intravenous 
• infusion of TNF inhibitor until circulating TNF levels 
5 are no longer elevated. Serum TNF alpha levels may be 

ascertained by commercially available immunoassay test 
kits. The initiation of treatment for TNF mediated 
septic shock should be begun, under either mode of 
treatment, as soon as possible after septicemia or the 

10 chance of septicemia is diagnosed. For example, 

treatment may be begun immediately following surgery or 
an accident or any other event that may carry the risk 
of initiating septic shock. 

Preferred modes for the treatment of TNF 

15 mediated diseases and more particularly for the 

treatment of TNF mediated arthritis include: 1) a 
single intraarticular injection of TNF inhibitor given 
periodically as needed to prevent or remedy flare up of 
arthritis; and 2) periodic subcutaneous injections of 

20 TNF inhibitor. 

Preferred modes for the treatment of TNF 
mediated diseases and more particularly for the 
treatment of TNF mediated adult respiratory distress 
syndrome include: single or multiple intratracheal 

25 administrations of TNF inhibitor; and 2) bolus or 

continuous intravenous infusion of TNF inhibitor. 

It is also contemplated that certain 
formulations containing TNF inhibitor are to be 
administered orally. Preferably, TNF inhibitor which 

30 is administered in this fashion is encapsulated. The 

encapsulated TNF inhibitor may be formulated with or 
without those carriers customarily used in the 
compounding of solid dosage forms. Preferably, the 
capsule is designed so that the active portion of the 

35 ' formulation is released at that point in the gastro- 

intestinal tract when bioavailability is maximized and 
pre-systemic degradation is minimized. Additional 
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excipients may be included to facilitate absorption of 
the TNF inhibitor. Diluents, flavorings, low melting 
point waxes, vegetable oils, lubricants, suspending 
agents, tablet disintegrating agents, and binders may 
5 also be employed. 

Regardless of the manner of administration, the 
specific dose is calculated according to the 
approximate body weight of the patient. Further 
refinement of the calculations necessary to determine 
10 the appropriate dosage for treatment involving each of 

the above mentioned f ormulations is routinely made by 
those of ordinary skill in the art and is within the 
ambit of tasks routinely performed by them without 
undue experimentation, especially in light of the 
15 dosage information and assays disclosed herein. These 

dosages may be ascertained through use of the 
established assays for determining dosages utilized in 
conjunction with appropriate dose-response data. 

It should be noted that the TNF inhibitor 
20 formulations described herein may be used for 

veterinary as well as human applications and that the 
term "patient" should not be construed in a limiting 
manner. In the case of veterinary applications/ the 
dosage ranges should be the same as specified above. 
25 It is understood that the application of 

teachings of the present invention to a specific 
problem or environment will be within the capabilities 
of one having ordinary skill in the art in light of the 
teachings contained herein. Examples of representative 
30 uses of the present invention appear in the following 

examples. 

The following examples describe the application 
of the present invention to one of the TNF mediated 
diseases described herein. The differences, if any, 
35 between the treatment of patients suffering from other 

TNF mediated diseases from the treatment of patients 
suffering from TNF-mediated septic. shock would be 
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readily and routinely identified by one of ordinary 
skill in the art. The ability to alleviate the effects 
of TNF mediated septic shock by administering a TNF 
inhibitor as shown in the following examples, shows 
5 that the administration of a TNF inhibitor will be 

equally effective in treating all diseases that are 
mediated by TNF, as defined herein. 

Example l; Demonstration of the Protectiv e Effects of 
10 Human Recombinant 40kDa TNF inhibitor -A 53 in a Murine 

model of Cytokine Induced Septic Shock 

A . Protocol for the Induction of Systemic Shock in 
Mice 

15 

A modification of a murine model of septic 
shock developed by Everaerdt, et al . has been utilized 
in this Example to demonstrate the therapeutic efficacy 
of TNF inhibitor against septic shock. Everaerdt et 
20 al. Biochem. Biophvs. Res. Commun . , vol 163 , pg. 378 

(1989), specifically incorporated herein by reference. 
In this model the synergistic action of a. combination 
of cytokines, human recombinant Tumor Necrosis Factor a 
(hrTNFa) and human recombinant Interleukin-IB (hrlL-lB) 
25 produces septic shock in mice characterized by profound 

hypothermia and, then death. 

Lethal septic shock was induced in C57B1/6 
female mice, 8-12 weeks old, at 18-21 grams body 
weight, by the administration of hrTNFa and hrlL-lB. 
30 Human recombinant Tumor Necrosis Factor was prepared 

generally according to the procedure described in 
Shirai et al . , Nature (1985) vol. 313, pp. 803-806, 
specifically incorporated herein by this reference; 
also see the Brewer, et al . patent application. Human 
35 recombinant Interleukin-IB was prepared generally 

according to the procedure described in Kronheim et 
al. , Biotechnology (1986) vol. 4, pp. 1078-1082, 
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specifically incorporated herein by this reference. 
The cytokines were tested for LPS according to the 
procedures described in United States Pharmocopia XXII , 
National Formulary XVII, January 1, 1990, pp. 1493- 
5 1495. Injections of the cytokines were given as a 

single bolus, subcutaneous ly, on the dorsal surface of 
the mice, in 100/il volumes. The 40kDa TNF inhibitor £ 
53 was prepared according to the recombinant DNA method 
described in the Brewer et al . application and was 

10 given in multiple intraperitoneal doses , in volumes of 

300/il or less per injection. 

Preliminary experiments were performed to 
determine the ratio of hrIL-16 to hrTNFa required to 
induce a mortality of 100% (figure 1). Doses are 

15 expressed as M9/fcg body weight. While holding the 

hrTNFa dosage constant at 300/xg/kg, increasing amounts 
of hrIL-16 were added to the injection bolus. Results, 
given as Mg hrIL-lB/kg:% mortality, were as follows; 
250:0, 500:10, 1500:50, 2000:67,2500:100. All doses 

20 greater than 2500Mg/kg produced 100% lethality. In all 

subsequent experiments the cytokines were used at 
2500/ig/kg hrIL-16 and 300/xg/kg hrTNFa, and delivered as 
a single subcutaneous bolus on the dorsal surface. 

The combined administration of hrTNFa and hrlL- 

25 IB caused in mice a profound hypothermia (figure 2) and 

then death at approximately 18 to 3 0 hours post 
injection (figure 4). In this Example, a decrease in 
. body temperature was used as a measurable indicator of 
the severity of the induced shock. Body temperature 

30 was estimated by use of First Temp infrared hand held 

scanner (Intelligent Medical Systems, Carlsbad, CA) . 
The degree of hypothermia correlated directly with "the 
severity of other clinical signs (i.e.., shaking, 
lethargy, loss of skin resiliency, hunched posture) . 

35 The body temperature of the animals dropped from a 

normal value of 39 °C to as low as 28 °C at approximately 
15 hours post injection. 
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In contrast, injections, of either cytokine 
alone did not cause a similar degree of hypothermia 
(figure 2) and were without lethal effect- Single 
. bolus subcutaneous injections of hrIL-16 at 2500/ig/kg 
caused a transitory drop in body temperature to 34°C 
reaching that nadir at 12 to 16 hours post injection. 
No mortality was observed. hrTNFa at 300/xg/kg did not 
•produce a measurable effect on the body temperature of 
mice, nor was any mortality observed. 

B, Effects of 40kDa TNF inhibitor A53 on cytokine 
induced shock. 

40kDa TNF inhibitor A 53 was administered to 
15 mice injected with the cytokine mixture (hrIL-16 and 

hrTNFa in the amounts described above) . A series of 
experiments was performed in which groups of six mice 
were treated with the Inhibitor Protein (in this 
experiment, 40kDa TNF inhibitor A53) for increasingly 
20 longer periods. The amount of Inhibitor Protein per 

injection was held . constant , while the total number of 
injections increased. Therefore, the absolute amount 
of the Inhibitor Protein used in the three experiments 
varied with the duration of the therapeutic regime. 
25 Body temperature and mortality were assessed for each 

experiment. 

In the first experiment Inhibitor Protein was 
injected intraperitoneally 30 minutes before and 30, 
minutes after the cytokine bolus (figure 3). Each 

30 injection contained 100 mg/kg of Inhibitor Protein in a 

300/xl volume for a total of 200 mg/kg. Of the 
cytokine-shocked mice, those in the group receiving the 
Inhibitor Protein showed a significant reduction of the 
hypothermia for a 4 .to 6 hour period after the 

35 administration of the cytokines as compared to the 

untreated group (figure 3). Onset of mortality was 
. delayed about 12 hours in the treated group (figure 4) . 
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In both groups, however, mortality was 100% at 48 hours 
post injection. 

In the second experiment the therapy was 
continued for a total of 12 hours post injection 
5 (figure 5). The injection times relative to the time 

of cytokine injection were; -30 minutes, +30 minutes, 3 
hours, 6 hours, 9 hours, and 12 hours. This regimen 
resulted in a total dose of Inhibitor Protein of 600 
mg/kg. After cytokine injection, the untreated group 
10 developed the characteristic hypothermia with a nadir 

of 26 °C at 15 hours. The first deaths were seen at 36 
hours (figure 6) . Mortality was 100% by 43 hours. In 
contrast the group treated with Inhibitor Protein was 
protected against the severe hypothermia for about 24 
15 hours after the injection of the cytokine mixture. 

Body temperature reached an initial nadir of 35.5°C at 
12 hours. At that time, therapy with the. Inhibitor 
Protein had ended. Body temperature rose slightly 
during the next six hours and then plummeted to 26° C by ' 
20 36 hours. Relative to the untreated group, the onset of 

mortality was delayed in the treated group. The first 
deaths were observed at 42 hours post injection and 
reached 100% by 44 hours. 

The third experiment extended the above regimen 
25 from 12 hours to 24 hours post cytokine injection 

(figure 7) . The additional intraperitoneal injections 
were administered at 15, 18, 21, and 24 hours after the 
injection of the cytokine mixture. The resultant total 
dosage was 1000 mg/kg. The untreated group receiving 
10 hrIL-15 and hrTNFa followed the same course as in the 

second experiment. Body temperature reached a nadir of 
27 °C at 12 hours. Mortality began at 18 hours post 
injection and was at 100% by 42 hours (figure 8). In 
contrast the group receiving Inhibitor Protein was 
5 protected against the severe hypothermia and lethality. 

The average body temperature declined to only 33. 5" C by 
10 hours post cytokine injection and subsequently rose 
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to near normal by 24 hours at the cessation of 
Inhibitor Protein treatment (figure 7). By hour 42 (18 
hours after cessation of therapy) the body temperature 
transiently declined to 34. 5 'C, and remained slightly 
sub-normal until 90 hours after injection of the 
cytokines. Mortality in this group was one out of six. 
The single fatality was unexplained. However, the 
animal appeared abnormal throughout the experiment, 
perhaps due to a misplaced intraperitoneal injection. 
The body weights of these animals were recorded in 
order to assess full recovery from the cytokine induced 
shock (figure 9) . In the group treated with Inhibitor 
Protein, the average weight declined to 79% of the 
original weight by 62 hours. However, by 200 hours post 
15 cytokine injection the average weight had returned to 

that of the control group injected with phosphate 
buffered saline (PBS) . The animals appeared normal in 
behavior and external appearance. By prolonging 
therapy with Inhibitor Protein for 24 hours, we were 
able to reverse the profound hypothermia and lethality 
seen in cytokine induced model of septic shock in mice. 
The duration and frequency of the administration of the 
inhibitor would be compatible with the intensive care 
given a septic shock patient. 
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C. Controls showing non-effects of fluid therapy and 
the non-toxic nature of the Inhibitor alone. 

In the last three experiments described above, 
30 Inhibitor Protein (40kDa TNF inhibitor A 53) was given 

in volumes of 200 to 300/il per injection. It was 
possible that the fluid volume of the Inhibitor Protein 
in itself might affect a therapy. . To test that 
possibility, hypothermia and lethality were compared in 
35 one group of mice which received only the cytokines and 

a second group which received cytokines plus the 
intraperitoneal injection of PBS in volumes and 
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frequencies identical to the Inhibitor Protein treated 
group (figure 5). No significant diff rences in 
hypothermia or mortality were observed. In subsequent 
experiments, PBS was administered intraperitoneal ly to 
5 the untreated cytokine shocked mice. 

A separate control was included to assess the 
effects of Inhibitor Protein alone. In all experiments 
a group of mice were injected with only Inhibitor 
Protein in identical volumes and frequencies as those 
10 given to the treated, cytokine-shocked group. No 

mortality or alterations of body temperature were 
observed in the Inhibitor Protein control' groups 
(figures 3,5,7) . 

15 Example 2: Demonstration of the Protective Effects of 

human recombinant 30kDa TNF inhibitor in a murine model 
of Cytokine Induced Septic Shock. 
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Protocol for the Induction of Murine Septic Shock 



The same murine model of septic shock described 
in Example 1 was utilized to demonstrate the 
therapeutic efficacy of 30kDa TNF inhibitor. Lethal 
shock was induced in C57B1/6 female mice, 8-12 weeks 

25 old, weighing 18-21 grams, by the combined subcutaneous 

administration of hrTNFa at 300 jig/kg and hrlL-lB at 
2,500 jLtg/kg. Mortality was 100% at these doses. The 
cytokines were delivered as a single subcutaneous bolus 
on the back of the neck. 

30 In this example, a decrease in body temperature 

was used as a measurable indicator of the severity of 
the induced shock. The degree of hypothermia 
correlated directly with the severity of clinical signs 
(i.e., shaking, lethargy, loss of skin resiliency, 

35 hunched posture) . After the combined administration of 

hrTNFa and hrlL-lB, body temperature dropped from a 
normal value of 39°C to as low as 28°C at approximately 
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15 hours post injection (figure 2). Temperature was 
stimated with a First Temp infrared hand held scanner 
(Intelligent Medical Systems, Carlsbad, CA) - In 
contrast, injections of either hrTNFa or hrlL-lB alone 
5 did not ' cause a similar degree of hypothermia and were 

without lethal effects (figure 2). The human 
recombinant 30kDa TNF inhibitor utilized in this 
Experiment was prepared according to the methods 
described in the Brewer et al . patent application. 

10 

B. Effects of 30kDa TNF inhibitor on Cytokine Induced 
Septic Shock 

Inhibitor Protein (in this example 3 OkDa TNF 

15 inhibitor) was given intraperitoneal ly at 40 mg/kg per 

injection to a group of 8 mice for periods of either 
12, 24, or 39 hours after the subcutaneous 
administration of hrTNFa and hrlL-lB. The first group, 
containing one mouse, was treated with Inhibitor 

20 Protein at 30 minutes before and at 30 minutes, 3 

hours, 6 hours, 9 hours, and 12 hours after the 
injection of the cytokines. This mouse received. a 
total of 240 mg/kg of the Inhibitor Protein given in 
six injections. In the next group, treatment was 

25 extended another 12 hours with the additional 

injections given at 3 hour intervals. The three mice 
in this group each received during the 24 hour period a 
total of 400 mg/kg of Inhibitor Protein given in ten 
injections. In the next group, treatment was extended 

30 an additional 15 hours with the added injections again 

being given at 3 hour intervals - The four mice in this 
group each received during the 39 hour period a total 
of 600 mg/kg given in 15 injections. 

Body temperature (figure 10) and mortality 

35 (figure 11) were followed in the treated and untreated 

mice. The mean temperature of the untreated mice 
dropped to 27°C at 12 hours and remained at that low 
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level until the mice died at 36 to 42 hours after the 
administration of the cytokines. In contrast, the body 
temperature of the mice in all three treatment groups, 
was only moderately reduced and all mice survived the 
5 cytokine induced, shock. During the first 24 hour 

period after the administration of the cytokines, body 
temperature dropped 2 to 4°C by 12 hours in all three 
groups and then climbed to normal by 24 hours. 
Thereafter, temperature was maintained at normal levels 
10 in the groups receiving either 24 hour or 39 hour 

Inhibitor Protein treatment, whereas the temperature of 
the single mouse treated for only 12 hours dropped 3°C 
at 39°C and subsequently returned to a normal value by 
100 hours post cytokine injection. 
15 The time required for the body weight to return 

to time zero values was also used as an index of 
recovery after cytokine induced shock (figure 12). The 
body weights of the mice treated with Inhibitor Protein 
for either 24 or 39 hours dropped to 86% of the time 
20 zero values by. 60 hours and then returned to normal 

levels by 140 hours. The body weight of the single 
mouse treated with the inhibitor for 12 hours reached a 
low of 81% at a slightly later time, 75 hours, yet 
attained the time zero value at about 140 hours; the 
25 same point as the other two groups. 

30kDa TNF inhibitor was effective in' protecting 
mice against a cytokine induced lethal septic shock 
syndrome when therapy was maintained at 3 hour 
intervals for periods of either 12, 24, or 39 hours 
30 after injection of the cytokine mixture. A similar 

therapeutic regimen can be readily accomplished in a 
septic shock patient in an intensive care setting. 

Example 3: Demonstration of the Effects of Human 
35 Recombinant 30kDa TNF Inhibitor on Streptococcal Cell 

Wall (SCW) -Induced Reactivation of SCW-Induced 
Arthritis in Rats 
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This experiment employs the model disclosed in 
T? gG p-r f gj^al - r Arthritis and Rheumatism , 28: 1401-1411, 
(1985), specifically incorporated herein by reference. 
5 This model is briefly summarized as follows: 

Streptococcal Cell Wall (SCW) is injected 
intraarticulary into the ankle joint of Lewis rats. 
Saline is injected into the contralateral joint to 
provide a control. After a period of twenty days, in 

10 which the initial inflammation dies away,- SCW is again 

administered, this time by intravenous injection. This 
dose of SCW is insufficient to cause joint inflammation 
by itself and therefore, has little effect on the 
saline-injected ankle. In contrast, however, this dose 

15 is capable of reactivating inflammation and joint 

destruction in the ankle previously injected with SCW. 
To assess the extent of inflammation following the 
second administration of SCW, the dimensions of the 
ankle joint are measured daily. m 

20 Regarding streptococcal cell wall-induced 

arthritis, R. L. Wilder in Immunopa thoaenetic 
Mechanisms of Arthrits , Chapter 9 entitled 
"Experimental Animal Models of Chronic Arthritis," 
comments "the clinical, histological and radiological 

25 features of the experimental joint disease closely 

resemble those observed in adult and juvenile 
rheumatoid arthritis". 

Two methods of treating arthritis were 
preformed using the rodent model of SCW-induced 

30 arthritis. 

Method One In one set of experiments, 
arthritic rats were given a single intraarticular 
administration of TNF inhibitor in phosphate buffered 
35 saline (PBS) using the SCW-induced model of arthritis. 

Arthritis was induced by injecting each rat on day 0 in 
the left ankle with SCW (1.8 ^g rhamnose equivalence) . 
The right ankle was injected with an equal volume of 
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pyrogen-free saline. Ankle dimensions were measured, on 
days 0 f 1, 2, and 7. Swelling of the left ankle on 
days 1 and 2 (Table 1) reflects the acute phase of SCW- 
induced arthritis. The right ankle which served as a 
5 control for the mechanical trauma associated with the 

intraarticular injection did not undergo significant 
swelling (data not shown) . 

On day 21, after the acute phase of arthritis 
subsided, the rats were randomly divided into four 
10 groups of 9 or 10 rats each, anesthetized, and injected 

according to the protocol described below. C105 is a 
mutein of 3 0kDa TNF inhibitor in which an amino acid 
substitution was performed for the purpose of creating 
a site for the covalent attachment of polyethylene 
15 glycol (PEG). In C105, asparagine has been replaced 

with cysteine at position 105 of 30kDa TNF inhibitor. 
In the C105-PEG 3400 dumbbell (db) molecule, two 
molecules of C105 are cross-linked by a single PEG 
molecule with an approximate molecular mass of 3400 
20 daltons. The dumbbell molecule and the pegylation 

procedures are more fully described in U.S. patent 
application Serial No. 07/669,862 filed March 15, 1991 
and entitled "Site Specific Pegylation of 
Polypeptides". This application is specifically 
25 incorporated herein by reference. The procedure for 

producing C105-PEG 3400 db is given below in Example 5. 



30 



35 



Groups Left Ankle Right 

Ankle 

I- PBS Control PBS PBS 

II- PEG 3400 Control PEG 3400 PEG 3400 

(0.9 /ig/joint) (0.9 /xg/joint) 

III- C105-PEG 3400 db C105-PEG 3400db PEG 340O 

(10 Mg/ joint) (0.9 Mg/joint) 



IV- C105 C1Q5 C105 

40 . (2 jig/joint) (2 Mg/joint) 
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Group I served as the vehicle control for the 
C105-treated group IV. Group II served as the vehicle 
group for the C105-PEG 3400 db-treated group III. The 
intraarticular injections were made in a total volume 
of 10 /il via a 25 9 au 9 e needle attached to an automatic 
pipetter. Immediately after the intraarticular 
injections of the various treatments, each rat was 
injected intravenously with SCW (150 p,q rhamnose 
equivalence) in order to reactivate the arthritis. No 
other treatments were administered to the rats. The 
diameters of the ankle joints were measured on days 21, 
22, 23, and 24. 

As expected, the left ankles of rats in all 
groups swelled in response to the intravenous in j ection 
of SCW on day 21 (Table 1 and Figure 13) . However, the 
response differed markedly between treatment groups. 
Whereas the joints of rats in control groups I and II 
swelled by 30% and 32%, respectively , of their initial 
dimensions, the corresponding joints in the C105-PEG 
3400 db-treated group III increased by only 15% and in 
the C105-treated group IV by 25%. In Figure 14, the 
maximum increases in joint diameter during the 72 hour- 
interval after SCW-induced reactivation are graphed for 
Groups I, II, III, and IV. A single intraarticular 
injection of C105-PEG 3400 db caused a statistically 
significant reduction in swelling of the arthritic 
joints. 

Method Two In a second set of experiments, 
arthritic rats were given multiple subcutaneous 
administrations of 30kDa TNT inhibitor in phosphate 
buffered saline (PBS) using the same SCW model of 
arthritis'. Arthritis was induced by injecting each rat 
on day 1 in the left ankle with SCW (1.8 W rhamnose 
equivalence) and in the right ankle with an equal 
volume of pyrogen-free saline. 
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On day 21 after the acute arthritis subsided, 
the rats were randomly divided into four groups. Each 
rat was injected intravenously with a second dose of 
SCW (150 rhamnose equivalence) in order to 
5 reactivate the arthritis. Within three minutes after 

the injection of SCW, the nine rats in control group I 
were treated with PBS and the five rats in each of 
Groups II, III, and IV were treated with 1, 3, and 9 mg 
per. kg body weight, respectively, of 30kDa TNF 

10 inhibitor in PBS. Subcutaneous injections of PBS to 

Group I or 3 0kDa TNF inhibitor to Groups II, III, and 
IV (1, 3, and 9 mg/kg, respectively) were given again 
at two and six hours post SCW-administration and were 
repeated every 6 hours during the 42 hour period 

15 thereafter. The diameters of ankle joints were 

measured at 0, 24, 39, 48, 60 and 72 hours after the 
intravenous injection of SCW. 

Figure 15 and Table 2 show the maximum changes 
in joint diameters during the 72 hour period after SCW- 

20 induced reactivation of arthritis in the four 

experimental groups. As expected, the ankles in 
saline-treated group I swelled in response to the 
intravenous injection of SCW. However, the maximal 
swelling in groups II, III, and IV was reduced by 58%, 

25 85%, and 75%, respectively. Table 2 shows the results 

of statistical analysis of the data from Figure 15 
using the t-test on means which have undergone a 
logarithmic transformation. 

30 Example 4: Demonstration of the Effects of Human 

Recombinant 30kDa TNF Inhibitor on Acute Lung Injury 
Induced by Endotoxin in Rats as a Method for Treating 
Adult Respiratory Distress Syndrome (ARDS) 



35 



This experiment employs a septic stimulus, 
endotoxin, to induce acute, neutrophil-mediated 
pulmonary injury according to the model disclosed in 
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Ulich, et al ., American Journal of Pathology 138: 1485- 
1496, (1991), specifically incorporated herein by 
reference. This model is briefly summarized as 
follows: . Endotoxin is injected intratracheal ly into 
5 the midcervical portion of the trachea of anesthetized 

rats. After a latent period of six hours, 
brbnchoalveolar lavage (BAL) of the lungs is performed 
as a terminal procedure. Total and differential white 
blood cell counts are performed on the BAL fluid. 
10 Intratracheal injection of pyrogen-free saline yields 

BAL fluid with a predominance of alveolar macrophages 
(about 99%) in low numbers. Intratracheal injection of 
endotoxin causes a large increase in the number of BAL 
cells and a predominance of neutrophils. The acute 
15 neutrophilic influx into the alveolar space peaks at 6 

to 12 hours and is accompanied by the accumulation of 
protein-containing edematous fluid into the alveolar 
spaces. TNF is believed to be one of the mediators of 
endotoxin- induced alveolitis. TNF is present in the 
20 BAL fluid after stimulation with endotoxin. The 

alveolar macrophage is believed to be the source of its 
synthesis. Moreover, intratracheal injection of 
exogenous TNF induces an acute intraalveolar 
neutrophilic exudate which is qualitatively similar to 
25 that induced by endotoxin. 

Although animal models are not considered to 
faithfully replicate the human disease, in particular 
the transition from the acute to chronic phases of 
ARDS, many animal models are used which approximate the 
30 altered pulmonary edema, sequestration of leukocytes, 

and hypoxemia during the acute phase of lung 
parenchymal injury during ARDS. J. F. Murray et al . , 
Am. Rev, of Respiratory Disease vol. 138, pp. 720-723 
(1991) . The acute forms of ARDS occur in the presence 
35 of certain identifiable risk factors such as sepsis, 

aspiration, or multiple blood transfusions. Current 
investigations emphasize the central role of 
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neutrophilic mediated injury in the pathophysiology of 
ARDS (Tate, R.M. Am. Rev. Resp. Pis . 128:552-559, 
(1983)). Toxic products released by the activated 
neutrophil are believed to damage the alveolar 
5 capillary membrane. The permeability of the damaged 

membrane is greatly increased stimulating the movement 
of plasma proteins and inflammatory cells into the 
alveolar spaces. In an experimental ovine model of 
ARDS of septic origin, neutrophil depletion protected 

10 against the development of pulmonary injury (Heflin, 

A.C. J. Clin. Invest . 68:1253-1260, (1981))". 

A method for treating neutrophilic alveolitis 
in rats by the intratracheal administration of 30kDa 
TNF inhibitor in PBS was performed. Lung injury was 

15 induced by the administration of endotoxin (5 /ig per 

rat) in a total volume of 0.5 ml of sterile PBS through 
a 27 gauge 1/2 inch needle inserted between tracheal 
rings in the surgically exposed midcervical region of 
the trachea. The inoculum was administered slowly into 

20 the trachea while monitoring the rate and depth of 

respiration of the rat. Six hours later, the rats were 
anesthetized with isof lurane so that a laparotomy could 
be performed in order to facilitate the lavage of the 
lungs. The caudal vena cava was severed to decrease 

25 the blood content of the lungs. The diaphragm was 

opened to allow the lungs to expand during lavage. BAL 
was performed by injecting 40 ml of Hank's balanced 
salt solution into the bronchoalveolar spaces via an 
angiocath catheter which was inserted and secured at 

30 the site of a midcervical tracheal incision. The 

inflammatory cellular influx was recovered from the 
pellet obtained by centrifuging the BAL fluid at 150O 
rpm for 15 min. The total number of leukocytes were 
counted on a Coulter counter. The percentage of 
.35 polymorphonuclear neutrophils was determined by 

performing a differential cell count manually on a 
slide of stained cells. 
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The effects of 3 0kDa TNF inhibitor on the 
endotoxin-stimulated influx of cells into the 
bronchoalveolar spaces were determined by administering 
30kDa TNF inhibitor simultaneously with the 
5 intratracheal instillation "of endotoxin. 30kDa TNF 

inhibitor was tested in doses ranging between 1 to 10 
/ig per rat. 30kDa TNF inhibitor at a dose of 1 fig/rat 
did not reduce the influx of neutrophils into the 
alveolar spaces. However, the intratracheal 

10 administration of 30kDa TNF inhibitor at doses between 

2.5 /ig to 10 /ig P er rat caused a maximal reduction in 
the influx of neutrophils into the alveolar spaces. 
Compared with the neutrophilic influx in untreated 
rats, the percentage inhibition of the cellular influx 

15 in these 30kDa TNF inhibitor treated-rats was 

approximately 35% (Figure 16). The total number of 
neutrophils present in the bronchoalveolar spaces was 
significantly reduced in rats treated with 2.5 to 10 /ig 
30kDa TNF inhibitor per rat (Figure 17 and Table 3) . 

20 

Example 5: Preparation of C105-P EG 3400 db. 

CI 05 -PEG db compounds were prepared by the 
reaction of the cysteine containing mutein of 30kDa TNF 
inhibitor C105 with a PEG-bis-maleimide. To prepare 

25 the PEG-bis maleimide, PEG-tresylate was prepared from 

PEG-bis-diol as described by Nilson and Mosbach, in 
Methods in Enzvmoloav , vol. 104, pp. 56-69, Academic 
Press, Inc., New York, NY (1984). The amount of 
sulfonated intermediate was determined by elemental 

30 analysis for fluorine. This intermediate was converted 

to the phthalimide derivative which was subsequently 
reduced with hydrazine hydrate to the PEG-bis-amine 
intermediate. These two reactions were carried out by 
the procedure described by Pillai, et al., J. Org. 

35 chem . , vol. 45 pp. 5364-5370 (1980). The amount of 

each intermediate was estimated by elemental analysis 
for nitrogen. In addition, the amount of PEG-bis-amine 
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was determined by reaction with 2 , 4 , 6-trinitrobenzene 
sulfonic acid. The PEG-bis-amine derivatives were 
converted to the corresponding bis-maleimide products 
by reaction with maleic anhydride via an adaption of 
5 the procedure of Butler and Hartley, in Methods in 

Enzvmologv . vol. XXV, pp. 191-199, Academic Press, 
Inc., New York, NY (1972), and by cyclization of the 
intermediate using the method described by Wunsch, et 
al., Biol. Chem. Hoppe-Seyler , vol. 366, pp. 56-61 
(1985). 

The mutein C105 30kDa TNF inhibitor is prepared 
as described in U.S. patent application serial no. 
07/669,862 filed March 15, 1991. C105 30kDa TNF 
inhibitor at 2-3 mg/ml is treated with a 4-fold molar 
excess of dithiothreitol (DTT) for 2 hours at ambient 
temperature. The mutein is then dialyzed against de- 
gassed 50 mM HEPES pH 7.0 for 3 hours at 4°C. To 
create the dumbbell compound — which can be considered 
a polyethylene glycol (PEG) linked dimer — the 
dialyzed mutein is reacted with the PEG-bis-maleimide 
species. The ratio of mutein to PEG-bis-maleimide 
varies depending on the molecular mass of the PEG 
compound. For PEG-bis-maleimide with a molecular 
weight of about 1900, a 1 to 1 molar ratio was 
utilized, while for PEG compounds with a molecular 
weight of 3,400 or 20,000 a 2 to 1 molar ratio of 
mutein to PEG compound was used. The reactions are 
incubated for 3-12 hours at ambient temperature. 

Following incubation, the PEG-1 inked dimers 
were purified from unpegylated mutein and PEG-mutein 
monomers using MONO-S FPLC in 50mM HoAc pH 4.0 using a 
260 mM, 310mM and 3 50 mM NaCl step gradient. The 
dumbbell compounds are eluted at the 310 mM NaCl step. 
Remaining unPEGylated mutein was removed by 
chromatography on superdex 75. C105-PEG 3400 db refers 
to a dumbbell compound (a TNF inhibitor PEG-linked 
dimer) where the TNF inhibitor is the C105 mutein of 



WO 92/13095 



PCT/US92/00432 



40 

30kDa TNF inhibitor, and the PEG unit has a molecular 
mass of about 3400 daltons. 

Although the present invention has been 
described in connection with preferred embodiments, it 
is understood that those skilled in the art are capable 
of making modifications and variations without 
departing from the scope or spirit of the present 
invention. Therefore, the foregoing description of 
preferred embodiments is not to be taken in a limiting 
sense, and the present invention is best defined by the 
following claims and their equivalents. 
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Table 2. Maximum changes in joint diameter during the 72 hour 
period after reactivation of SCW-induced arthritis 

Group # Change in Joint Diameter n 

(mm) 

I (Saline) 0.96 ±.0.25 9 

II (TNF/bp 1 mg/kg) 0.40 ± 0.13 & 

III (TNF/bp 3 mg/kg) 0.14 ± 0.03* 5 

IV (TNF/bp 9 mg/kg) 0.24 ± 0.08* S 



Values are expressed as mean ±. standard error. 

* Statistically significant difference compared to control group I 
as assessed by the unpaired t test performed on means which have 
undergone a log transformation) 

Group I vs Group II t = 1.43 p - 0.177 

Group I vs Group III . t - 3.20 P « 0.008 

Group I vs Group IV t « 2.19 p = 0.049 

Group I vs Groups III & IV t « 3 . 19 p « 0 . 005 

Group I vs Groups II, III & IV t - 2.88 P 0.009 
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Table 3. Total number of neutrophils recovered from 
bronchoalveolar fluid of endotoxin-challenged rats 



Dose of # Neutrophils ( x 10 b ) • n p value 

TNF/bp 

0 7,4+0.6 8 

1 7.3 + 0.6 4 > 0.5 
2.5 4.3 + 0.4 * 4 < 0.01 
5 5.7 ± 0.8 7 > 0.2 
7.5 4.6 + 0.4 * 4 < 0.025 
10 4.6 + 0.4 * 6 < 0.005 



* Significantly different from the untreated control group as 
assessed by the unpaired t test. 
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CLAIMS 

1. A method for treating TNF mediated diseases which 
comprises administering to a patient in need thereof a 
therapeutically effective amount of a TNF inhibitor. 

5 ; 

2. The method of claim 1 wherein said TNF inhibitor is 
a protein. 

3. The method of claim 2 wherein said TNF inhibitor is 
10 3 OkDa TNF inhibitor. 

4. The method of claim 2 wherein said TNF inhibitor is 
40kDa TNF inhibitor. 

15 5. The method of claim 4 wherein said 40kDa TNF 

inhibitor comprises at least one compound from the 
group consisting. of full-length 40kDa TNF inhibitor, 
40kDa TNF inhibitor A 51, and 40kDa TNF inhibitor A 53. 

20 6. The method of claim 4 wherein said 40kDa TNF 

inhibitor is full-length 4 OkDa TNF inhibitor. 

i; The method of claim 4 wherein said 40kDa TNF 
inhibitor is 4 OkDa TNF inhibitor A 51. 

25 

8. The method of claim 4 wherein said 40kDa TNF 
inhibitor is 40kDa TNF inhibitor A 53. 

9. The method of claim 2 wherein said TNF inhibitor is 
30 produced by recombinant DNA methods. 

10. The method of claim . 9 wherein said TNF inhibitor 
is produced in substantially pure form. 



35 



11. The method of claim 2 wherein said TNF inhibitor 
is a mutein of 3 OkDa TNF inhibitor. 
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12. The method of claim 11 wherein said TNF inhibitor 
is C105 30kDa TNF inhibitor. 

13. The method of claim 2 wherein said TNF inhibitor 
5 is a 3 0kDa TNF inhibitor-PEG compound. 

14. The method of claim 13 wherein said TNF inhibitor 
is C105-PEG 3400 db. 

10 15. The method of claim 1 wherein said TNF inhibitor 

is administered in a pharmaceutical ly acceptable 
carrier. 

16. The method of claim 1 wherein said TNF inhibitor 
15 is administered in a liquid form* 

17. The method of claim 1 wherein said TNF inhibitor 
is a TNF binding protein. 

20 18. The method of claim 1 wherein said TNF inhibitor 

is a fragment of a TNF receptor. 

19. The method of claim 1 wherein said TNF mediated 
disease is selected from the group consisting of adult 

25 respiratory distress syndrome, pulmonary fibrosis, 

arthritis, septic shock and inflammatory bowel disease. 

20. The method of claim 1 wherein said TNF mediated 
disease is septic shock. 

30 

21. The method of claim 1 wherein said TNF mediated 
disease is arthritis. 

22. The method of claim 1 wherein said TNF mediated 
35 disease is adult respiratory distress syndrome. 



23. A method for preventing TNF mediated diseases 
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comprising administering to a patient in need thereof a 
therapeutically effective amount of a TNF inhibitor. 

24. The method of claim 23 wherein said TNF inhibitor 
5 is 30kDa TNF inhibitor. 

25. The method of claim 23 wherein said TNF inhibitor 
is 40kDa TNF inhibitor. 

10 26. The method of claim 25 wherein said 403cDa TNF 

inhibitor is selected from the group consisting of 
full-length 40kDa TNF inhibitor, 40)cDa TNF inhibitor^ 
51 and 40kDa TNF inhibitor /\53. 

15. 27. The method of claim 25 wherein said 40kDa TNF 

inhibitor is full-length 40kDa TNF inhibitor. 

28. The method of claim 25 wherein said 40kDa TNF 
inhibitor is 40kDa TNF inhibitor A 51. 



20 



29. The method of claim 25 wherein said 4,0kDa TNF 
inhibitor is a TNF inhibitor A 53. 



30. The method, of claim 25 wherein said TNF inhibitor 
25 is a TNF binding protein. 

31. The method of claim 25 wherein said TNF inhibitor 
is produced by recombinant DNA methods. 

30 32. The method of claim 25 wherein said TNF mediated 

disease is selected from the group consisting of adult 
respiratory distress syndrome, pulmonary fibrosis, 
arthritis, septic shock and inflammatory bowel disease. 



35 



33. The method of claim 25 wherein said TNF mediated 
disease is septic shock. 
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34. The method of claim 25 wherein said TNF inhibitor 
is a. mutein of 30kDa TNF inhibitor. 

35. The method of claim 24 wherein said TNF inhibitor 
5 is C105 30kDa TNF inhibitor. 

36. The method of claim 25 wherein said TNF inhibitor 
is a 30kDa TNF inhibitor-PEG compound. 

,10 37. The method of claim 36 wherein said TNF inhibitor 

is C105-PEG 3400 db. 

38. The method of claim .25 wherein said TNF mediated 
disease is arthritis. 

15 

39. The method of claim 25 wherein aid TNF mediated 
disease is adult respiratory distress syndrome. 



WO 92/13095 



PCT/US92/00432 



1/17 



1 20 I r— i r— | r — | 1 1 1 — n r— | r — r 




pg IL- 1 3 INJECTED PER KILOGRAM BODf WEIGHT 



FIG. I 



SUBSTITUTE. SHEET 



WO 92/13095 



PCI7US92/00432 



2/17 




TIME - CHR.) 



o PBS 

• HR.TNF alpha 
A HR.IL- IB 

D HR. TNF alpha + HR. I L-IB 
FIG. Z 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



3/17 




TIME (he) 



□ 40kDa TNF inhibitor A53 5 n = 4 

■ PBS; n = 4 , '. ■ 

• hr.TI^IF + hr.IL- 1-B+ClkDaWinh/^ n = 8 

0 hrJNF+hr.IL-lfl + PBS; n = 8 

FIG. 3 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



MORTALITY CURVE 




o hr.TNF+hrIL- l8+40kDaTNFinh.A 53 ? n = 8 
• hr.TNF hr.TNF+hrIL-I B + PBS-, n = 8 



FIG. 4 



SUBSTITUTE SHEET 



WO 92/13095 PCT/US92/00432 

5/17 




TIME (hr.) 



o PBS-,n=4 

°40kDaTNFinhA53.,n=3 

• hr.TNF+ hr. IL- 10+ PBS-, n = 6 

A h h ^t I h [l L | - 6 '6+40kDaTNFinh.A53;n=6 



FIG. 5 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



6/17 



120 I — 1 — I — — I — I — I — 1 — I — " — 1 — 1 — i-^-i — I — ' 1 — ' 1 — T 




TIME (hr.) 



Q hr.TNF + hr.IL-|. n =6 

• hnTNF +hr. IL- 1 +40kDa TNFinh.A53; n= 6 

□ hr.TNF +hr.TL-l 5 n = 6 



FIG.6 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



7/17 



40 i 1 i 1 



I mi — 1 — i — ■ — i — 1 — i — ' — i — > — r 



261— l_L_i__L 



I 1 I 1 — I 1 I ' I ' 




i- ' 'I ■ ' ■ ' ' ■ .' ■ ' 



I ■ I i I 1 I 



0 10 20 T 30 40 50 60 70 80 90 I00 HO I20 I30 I40 ISO 

TIME (hr.) 



□ PBS; n = 4 

A 40kDaTNFinh.A53 ; n = 3 

• hr.TNF+ hrlL-l +40kDaTNF Inh. t\ = 6 

o hr.TNF+hr.IL-l; n=6 

FIG. 7 



SUBSTITUTE SHEET 



WO 92/13095 



PCI7US92/00432 



8/17 

I20| 1 ! ' r— i 1 — 1 — i 1 ' 1 1 1 i 




~ 20 1 j. — I 1 — i_j 1 f i i i jt . l . i . 

0 10 20 30 40 50 60 7Q 80 

TIME ( hr.) 



A PBS-, n=4 

□ 40kDaTNF inh.A53jn=3 

o hr.TNF+hr. IL- 1 +40kDaTNFinh. A 53; n =6 

O hr.TNF+hr.IL-l + PBSj n=6 
FIG.8 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



9/17 



TT 1 T ' 1 > 1 i 1 1 1 1 1 1 1 1 1 r 




— ' ' 1 u 1, i I 1 1 i ' ■ ' • ' ■ ' 

40 60 80 100 120 140 160 180 200 



TIME (hr.) 



A PBS; n=4 

A 40DaTNFinh.A53j n=3 

• hrTNF+hr.IL-|+40kDaTNFinh.A53 ; n = 6 
q hr.TNFf hr.IL- 1 + PBS ; n = 6 

FIG. 9 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



10/17 




1 1 ) I i i ■ I r i ■ i ■ i ■ i ■ i ■ i ■ i ■ i ■ ■ ■ ■ . t . i . i ... . 
0 5 10 15 20 25 30 354045 50 5560 657075 80 8590 95100 
TIME ( hr. ) 



0 PBS } n=4 

° 30kDaTNFinh.i n=3 

• hr.TNF+hrrL-! + PBS } n=6 

□ hr..TNF+hr.IL-l+30kDaTNFinK(l2hrs.). n = I 
a hr. TNF + hr. I L-l +30 k DaTNF inh. ( 24hrsj!n = 3 
o hr.TNF +hr.lL-l+30k DoTNFinh.(39hrs!),.n =4 

FIG. 10 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



11/17 



120] 1 1 — r 1 1 — ~~t — : — ■ r 




-201 1 i ' ' 

0 10 20 30 40 50 

TIME (hr.) 



□ PBS-, n=4 

d 30.kDaTNFinh.jn = 4 

O hr.TNF+hr.IL-l+PBSin = 6 

a hrTNF+ hr.IL-l + 30k DaTNF inh ; n = 8 

FIG. 1 1 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



12/17 




!4l 1 i ' — I 1 1 1 i i _i_ i i_ i___< 

0 20 40 60 80 100 120 140 



TIME (hr.) 



o PBS ; n=4 

° 30kDaTNFinh. ; n = 4 

O hr.TNF+hrIL-l+30kDaTNFinh.(39hrs.);ri= 4 
□ hr.TNF+hrIL-l + 30kDaTNFinh.(24hrs)jn= 3 
A hr.TNF+hr.IL-l+30kDg TNF in h.(l2hrs.) ; n = I 



FIG. 12 



SUBSTITUTE SHEE7 



WO 92/13095 



PCT/US92/00432 



13/17 



~ 3 

£ 

£ 




TIME (Days) 



o SALINE CONTROL 
• PEG 3400 CONTROL 
°C 105- PEG 3400 db 
ACI05 



FIG. 13 



SUBSTITUTE SHEET 



WO 92/13095 



PCI7US92/00432 



14/17 



INTRA ARTICULAR-TNF-BP 
MAXIMUM JOINT CHANGE 

_ 3| : " — 

£ 
E 




Bi SALINE CONTROL 
0 PEG 3400 CONTROL 
DID C 105- PEG 3400 db 
'8 CI05 



Fl G. 14 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



15/17 



STEPTOCOCCAL CELL WALL 
REACTIVATED ARTHRITIS 




FIG.I5 



SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



16/17 




SUBSTITUTE SHEET 



WO 92/13095 



PCT/US92/00432 



17/17 



BRONCO ALVEOLAR LAVAGE 
8, r- — — — 




4> —J 1 -I J L. I I I L. _J _J 

0 2 4 6 8 10 12 

DOSE TNF-BP (ug) 

FIG. 17 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

International Application No. PCT/U89270O432 

..vm,n\ ftlMilftBa^ion «ymhola app 'Yr indieata flll)3 



I. CLASSIFICATION OP SUBJ fgT MATT6B flf _ 

According to International Pate ntClaa.ific.tion «PC> or to both NiM.CMarf« .nd IPC 

IPC (S)i C 12 P 21/06; C 07 K 3/00,13/00,15/00,17/00; A 61 K 45/05 
" CL I 530/ 350,351,402; 424/85,1 



Minimum Dooumontation Searched 4 



Claitlfioatlon Symbolc 



accaification Syttt 
U.S. 



435/69.5,70.4,320.1; 
935/23,19,66 



530/ 350,351,402; 424/85.1; 



Documentation Searohad other than Minimum Dooumontation 5 
to tha axttnt that iueh Dooumanta ara inoludad in the Flelde Searched 



Please See Attached Sheet. 



III. DOCUMENTS CON8IPEHEP TO BE RELEVANT 



dtirtifln nf Document" with indication, where ai>pfopiiat>. of tha relevant pacaagef. 



Relevant to Oaim No. 1 



DE, A, 3,910,323 (DAYER ET AL) 19 OCTOBER 1989, SEE 
ENTIRE ABSTRACT 

mvurnxTs ABSTRACTS. VOLUME 113, ISSUED 1990, DAYER ET 

S^SSiSSot ^otSaotrization op human tumor 

NECROSIS FACTOR a INHIBITOR" , page 454, see abstract 
no. 38760n, DE, A, 3,910,323 (1989) 



1-27 



1-27 



•r later document publiehed attar the mttrwjon* n-ng 
date or priority data and not in conflict wim the 
apriioation but cited to underetand th* principle or 
tnaory underlying tha invention , 

•X" document of particulaf relevance; the eWrojo 

ooneldartd to invotve an inventive atap 

"Y" document of P?*^" ^Y^* Xj^tVn 
invention cannot be eonelderod t0 IffiJ^ 
nventiva ttep whan tha document it ocmbjnad wrth 

being obviout to e paraon .killed in the art 



• Special categories of orted docun*nwiS ~~ 
A- docurn«ita*W**thec*r*^i^ 

T ••rStr document but pubHthed on or after- the 
international fHng data ^ _ . 

•L- docun)trtwh^maytiwwJ^ 

or which ta^dtad tc ►wtobSah ^J^fSlSJSSi 
another citation or other apeoai reaeon (ae «P« C ™»> 

•O" document referring to an oral deoloeure, um, exhibition 

belt later than the priority date damea 

IV. CERTIFICATION 

Date of the Actual Completion of tha International Search 

23 MARCH 1992 



Date of Mailing of thie International Search Report 2 



International Starching Authority' 

ISA/US ' 



Signature of Authorized Officaj 
T. MICHAEL NISBET 



Form PCT/ISA/210 tiacond theetHMay 1986) S 



